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Abstract 
This paper aims to find out what happen to the bank productivity in Malaysia during 2001-2008, that is the period of internet 
technology waves. Data envelopment analysis (DEA) technique is used to calculate and decompose the Malmquist index of total 
factor productivity (TFP) growth into technical change and change in scale efficiency. The study found that the average TFP 
change is 1.4%, which is mainly due to the efficiency change of 3.3%.  In addition, foreign banks were found to have higher 
efficiency level, followed by the local banks. Finally, the study found that the TFP does not always keep increasing as the 
technology improved. This suggest that bankers and officials should pay more attention to the strategies taken to best assimilate
the effect of internet in banking sector, in order to further improve and sustain their performance in the long run. In addition to 
the insights obtained from the results, this research also proposed some simple engineering management technique to help 
analysts overcome the common problems which they usually faced during data analysis time.  
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1. Introduction 
The study of the bank efficiency is very useful for the financial system development in a country [1]. It helps in 
fine tuning and taking appropriate strategies for the banks, to drive towards the economic excellence of a nation.  
This type of study is never exhaustive because along the year’s new developments in banking issues and 
methodology used in analyzing the banks efficiency surface. From the issue perspective, the research in bank 
efficiency has covered a wide plenitude of areas, including the impact of capital structures, merging, ownership as 
well as comparison across and regions/countries. Though, past researchers had explored widely in the study of bank 
efficiency, there is still avenue for new research to emerge. An interesting and upcoming topic to be researched in 
banking study is the effect of internet on banks performance. In the 20th century, a paradigm shift in banking 
practices has taken root, the digital era divide is pushing banks to enhance and broaden its range of services. Many 
banks has thus made commitments through establishing a new regime in the operationalization of their services that 
is through using internet, which is termed as internet banking or e-banking.  
E-banking means electronic banking, where the customers can perform their banking transactions online without 
having to visit the bank physically. Like any form of new technology, this concept rooted from the developed 
countries, and then permeated to the less developed ones. The less developed (or developing) countries are usually 
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technology adopters, where they adopt the new engineering management technology and apply it without in depth 
knowledge and thoughts of the consequences.  Much of this (i.e. the haste of adoption) is also due to the 
excruciating needs to meet the growing and every changing customer demands.  The question of ‘how the internet 
technology affects  the banks performance in the long run’ thus become an excruciatingly important question to be 
addressed by policy makers  in order to make better  policies and  take up better strategies  for the bank operations.   
With such as interesting topic to explore, this research aims to find out how the banks in a developing country 
e.g., Malaysia perform during the renaissance of this digital divide.  Year 2000 is the year when e-banking was first 
introduced in Malaysia. We would like to analyze what is the impact of internet on bank performance, i.e., does the 
efficiency of the banks improved after internet based banking is introduced?  Is the performance sustainable? In this 
paper, we will analyze the roots of efficiency and technical changes of all banks in Malaysia by using the model of 
Data Envelopment Analysis (DEA) and Malmquist index [2]. The Total factor productivity (TFP) growth rate of 
banks in Malaysia will be estimated to determine the impact of the internet technology on banks performance. 
Findings of this study will be useful for the banking sector of the future upcoming developing countries,  e.g., 
Vietnam, Indonesia, Thailand and India, (which have quite a similar landscape as Malaysia)  in understanding the 
impact of internet on banks performance. Results from this study can be used as lessons to the other countries who 
could then formulate appropriate strategies for sustainable bank performance. This paper is organized as follows. 
Section 2: The DEA and Malmquist Indices, Section 3: Methodology; Section 4: Data sources and analysis (in this 
section we will also provide some simple methods to overcome the issues which analysts usually face during the 
data analysis time). Section 5: result and analysis and finally, Section 6: conclusion and suggestions. 
2. DEA and Malmquist Indices 
This section reviews briefly on the DEA and Malmquist Index technique.  DEA was first applied by Charnes et 
al.see[3] (1978) for measuring efficiency for not-for-profit organizations in U.S. programs. Consequently, it has 
been widely used by many scholars to measure efficiency and productivity in various industries e.g., hospitals, 
health, transportation, manufacturing, telecommunications, education and service sectors, see [4]-[13].  Application 
of DEA in banking sector can be referred at [14]-[17]. DEA allows measurement of efficiency without having to 
specify in advance either the form of production function or the weights for inputs and outputs [18]. DEA originated 
from its property to envelop all points on or below a production frontier line [19]. The frontier is defined as a set of 
best obtainable positions as a locus of constrained maximum or minimum values.  Hence, banks which operates on 
the production frontier is said to be the most efficient (produce its potential or maximum output) by following the 
‘best practice’ techniques given the technology. How much the best frontier shifts at each industry’s observed input 
mix is termed as technical change (frontier effect) and this is due to the use of better technology.  Hence, the frontier 
version of productivity change which consists of the ‘catching up’ and technical change best suits our context, which 
aim to analyze the impact of internet on banks.  
 The Malmquist Index (MI), named after Professor Sten Malmquist (1953), is a measure of total factor 
productivity (TFP) growth. This index measures the sustainable output growth given the diminishing returns nature 
of input growth in the long run.  Note this index fits the context of our research,  as we want to analyze the effect of 
internet on banks performance for a period of time, and later to determine whether the performance is sustainable in 
the long run.  This index can be estimated using various ways e.g., using a translog index approach, DEA approach 
and etc. The advantages of the DEA approach over the translogs approach in estimating the TFP is that it can 
provide an explanation of the TFP index correctly according to the conceptualization of productivity i.e., TFP 
growth is actually composed of both technical change (frontier shift) and technical efficiency (catching up effect).  
By identifying the sources of TFP growth, this enables better actions /measures prescriptions as they can be made 
rather specific to the particular source of low TFP growth.  
3. Methodology 
The TFP index of Malmquist is defined using distance functions, where an output distance function is used to 
consider a maximum proportional expansion of the output, y, given the inputs, x. More specifically, the TFP index  
measures the total factor productivity change (tfpch) between two data points over time by calculating the ratio of 
data-point distances relative to a common technology, see (Eq. 1). Note t and t+1 refer to the two consecutive period 
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of time. The TFP can be decomposed into technical efficiency and technological progress to show the “changes and 
shifts” as follows. 
The technical efficiency change  (or catching up effect) (Equation 2) measures the change in efficiency between 
period  t and t+1; whilst, the technical change (or frontier effect) (Equation 3) captures the shift in a frontier 
technology. A value greater than one derived for both indices indicates a growth in productivity. Moreover, when m 
> 1,  this reflects improvement;  m < 1, declines in productive performance, and no improvement when m = 1.  From 
the frontier (reference technology) in period t, note that constant returns to scale (CRS) may be relaxed to assume 
variable returns to scale (VRS) which includes the estimation of the effect of  increasing and decreasing return to 
scale. In other words, the size (or scale effect) can be captured using the existing model without the need to translate 
or modify it to another form. Hence, from Model 1, the technical efficiency change (catching up effect)_ (effch) can 
be further decomposed into two components, namely: pure efficiency change (pech) and scale change (sech). The 
pech represents the real or genuine efficiency change that is associated with the adoption of the  technology, while  
sech represents changes that are due to the change in size or scale of the entities of study. The formulas to measure 
these components are as follows: 
Note all above formulas to estimate the distance measures can be calculated easily using a mathematical linear 
programming (LP) techniques called DEA, see [20]-[21] . Hence, this is what we termed as the DEA approach in 
estimating the TFP.  
4. Data and analysis  
This research is conducted using a panel data of 24 banks (9 local, and 15 foreign), see Table 1 in Malaysia 
during the period 2001-2008. The data were compiled from ABM Bankers Directory. In this paper ,we treat banks 
as intermediaries that transform the inputs (resources) into outputs, see[22]. In other words, we adopt the 
intermediation approach for banking analysis. To evaluate the productivity performance, we use two output and 
three input variables .The output measures are: Loans and Advances (output 1), Profit (AT) (output 2), while the 
input measures are Branches (input 1), Staff (input 2) and Deposit (input3).  Note that these are traditional or 
conservatives measures of banking performance which are still valid till today i.e. the digital era (ref). The impact of 
technology (i.e. internet adoption) indirectly affects the performance of the bank,  e.g., when the bank implement 
internet based banking, it will reduce its number of staff employed  and number of branches.  Note that,  as there is 
no explicit quantitative measure for ‘e-banking’ establishment, we utilize the ‘indirect’ assessment and assume the 
effect of internet in such way that, it will in turn affect the performance of the banks. Another supportive fact for this 
argument, is also, during this period 2000-2008 in Malaysia, the focus of most banks was indeed on the 
establishment and engagement of this management engineering technology in their business operations [23].   
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Table 1.  24banks and the abbreviation, 2001-2008 
No. DMU(Banks name) Abbreviation No. DMU(Banks name) Abbreviation 
1 AmBank Berhad  AMB 13 Bangkok Bank Berhad BBB 
2 CIMB Bank Berhad CIMB 14 Bank of America Malaysia Berhad BAB 
3 Eon Bank Berhad EBB 15 Bank of China (Malaysia) Berhad BCB 
4 Hong Leong Bank Berhad HLBB 16 Bank of Tokyo-Mitsubishi (Malaysia) Berhad BTB 
5 Maybank MAYB 17 Deutsche Bank (Malaysia) Berhad DBB 
6 Affin Bank Berhad ABB 18 J.P Morgan Chase Bank Berhad JPMB 
7 Public Bank Berhad PBB 19 The Bank of Nova Scotia Berhad BNSB 
8 RHB Bank Berhad RHB 20 United Overseas Bank (Malaysia) Bhd UOB 
9 Citibank Berhand CitB 21 Standard Charted Bank Malaysia Berhad SCBB 
10 HSBC Bank Malaysia Berhad HSBC 22 Southern Bank Berhad SBB 
11 OCBC Bank (Malaysia)  OCBC 23 Bank Utama (Malaysia) Berhad BUB 
12 Alliance Bank Malaysia  ABMB 24 The Royal Bank of Scotland Berhad TRB 
Table 2. Descriptive Statistics of Inputs and Outputs of the Banks, 2001–2008 
Input Maximum Minimum Mean Output Maximum Minimum Mean 
Branches 415 1 84 Loans and Advances 136223.5 0 19598.87 
Staff 22465 38 3876. Profit 3810 0 359.53 
Deposit 153175 6.2 23958.08
Table 2 reports the descriptive statistics of inputs and outputs of all the 24 banks in Malaysia during year of 
2001-2008.  Among them, BCB is found to have the lowest value of outputs and inputs, and MAYB records the 
highest figures. During the analysis of the data, there were some problems that we encountered. Note that though 
past researchers had developed some techniques to solve these two problems, it still remains an issue and stumbling 
block for analysts in pursuing those techniques. Thus, here, in this paper, we proposed two simple ways, note that it 
is not our intention to substitute the existing methods, but, an alternative for those who are less technical inclined. 
The procedures are as follows: 
i. Negative data. To counter off the problem of negative data,  as one of the rule in DEA is that the data must be 
positive [24]-[25], we trade the value 0 as a very little positive value 0.001, and then use Equation 9 to transform the 
negative to positive;  
The above transformation is justifiable due to the fact that DEA is measuring relative efficiency.  It means that 
even if the relative size of the data changes, the relative order or rank of the data will still remain unchanged. For 
example,  refer to Table 3, the rank (order) of the DMU based on the output before going through the transformation 
(Eq.9) is A>B>C, after the transformation of the negative values for DMU B and C, the rank of the DMUs is still the 
same i.e., A>B>C.  
Table 3.The estimate data of  the SCBB’s unknown staff data.2001-2008 
DMU  Output Transform, if  output<0 DMU Output Transform, if  output<0 DMU Output Transform, if  output<0
A 100 100 B -20 0.5 C -100 0.01 
100>-20>-100, as well as 100>0.5>0.01.it never change the order. 
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Table4.The estimate data of  the SCBB’s unknown staff data.2001-2006 
Year 2001 2002 2003 2004 2005 2006 
Branches of SCBB 31 31 30 30 31 31 
Mean of the staff per banch 45.7 45.4 40.16 42.2 48.5 48.8 
The Estimate data of Staff in SCBB 1416 1407 1205 1266 1505 1512 
ii. Missing data. Another problem that we face is missing data. From our data, we found that, the staff data of the 
SCBB  is unknown on the ABM Bankers Directory during the period 2001-2006. To solve this issue, we use the 
mean value of the other banks data to estimate those missing values, see Table 4. Based on logic of proportionality 
of one resource versus another, and a unified landscape of banking environment i.e. within Malaysia, this approach 
is acceptable in this context. 
5. Result discussions 
5.1. Production Frontier and Efficiency 
We use the basic DEA model to measure the technical efficiency (i.e. through the CRS model), and later 
decompose the technical efficiency into pure technical efficiency and scale efficiency through the VRS model.  
Table 5. Technical efficiency(te) of the 24 banks.2001-2008 
No 2001 2002 2003 2004 2005 2006 2007 2008 No 2001 2002 2003 2004 2005 2006 2007 2008
1 1.000 0.966 0.982 0.727 0.923 0.951 1.000 1.000 13 0.551 1.000 0.715 0.677 0.951 0.822 1.000 1.000
2 0.717 0.742 0.796 0.63 0.624 0.711 0.714 0.695 14 0.78 0.705 0.524 0.775 0.48 0.709 0.826 1.000
3 0.65 0.613 0.619 0.591 1.000 0.678 0.838 0.921 15 0.071 1.000 1.000 1.000 0.925 0.967 1.000 1.000
4 0.63 0.58 1.000 0.491 0.77 0.5 0.527 0.518 16 1.000 1.000 1.000 1.000 0.964 1.000 1.000 1.000
5 0.73 0.661 0.727 0.635 0.811 0.651 0.85 0.886 17 0.677 0.806 1.000 0.218 1.000 1.000 1.000 1.000
6 0.669 0.726 0.719 0.504 0.624 0.698 0.656 0.708 18 1.000 0.584 1.000 1.000 1.000 1.000 1.000 0.885
7 0.495 0.475 0.543 0.667 0.841 0.568 0.638 0.648 19 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
8 0.769 0.812 0.792 0.592 0.631 0.689 0.805 0.698 20 0.69 0.646 0.992 0.918 0.769 0.815 1.000 1.000
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 21 1 0.989 0.942 0.919 0.801 0.821 0.921 0.8 
10 0.612 0.629 0.76 0.651 0.574 0.67 0.759 0.898 22 0.785 0.758 0.846 0.647 0.726 1   
11 0.897 0.897 0.947 0.862 0.85 0.828 0.855 1.000 23 0.807 0.586       
12 0.781 0.693 0.772 0.592 0.679 0.602 0.634 0.668 24       0.655 0.239
Table6. Pure technical efficiency(pte) of the 24 banks.2001-2008 
No 2001 2002 2003 2004 2005 2006 2007 2008 No 2001 2002 2003 2004 2005 2006 2007 2008
1 1 1 1 0.99 1 1 1 1 13 1 1 1 1 1 1 1 1 
2 1 1 1 1 0.85 0.87 0.84 0.78 14 1 1 1 1 1 1 1 1 
3 0.65 0.70 0.636 0.71 1 0.80 0.85 0.92 15 1 1 1 1 1 1 1 1 
4 0.712 1 1 0.56 0.92 0.64 0.60 0.52 16 1 1 1 1 1 1 1 1 
5 1 1 1 1 1 1 1 1 17 1 1 1 1 1 1 1 1 
6 0.732 0.86 0.733 0.64 0.73 0.77 0.69 0.70 18 1 1 1 1 1 1 1 1 
7 0.802 0.69 0.672 1 1 0.84 1 1 19 1 1 1 1 1 1 1 1 
8 1 1 0.982 0.94 0.78 0.73 0.92 0.77 20 0.81 0.80 1 1 0.97 1 1 1 
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9 1 1 1 1 1 1 1 1 21 1 1 0.96 1 1 1 0.98 0.89
10 1 1 0.773 0.81 0.88 0.94 1 1 22 0.90 0.92 0.87 0.82 0.88 1   
11 0.953 0.99 0.959 1 1 1 1 1 23 0.88 0.60       
12 0.873 0.82 0.8 0.79 0.78 0.64 0.63 0.67 24        0.66 0.29
Table 7. Scale efficiency(se) of the 24 banks.2001-2008 
No 2001 2002 2003 2004 2005 2006 2007 2008 No 2001 2002 2003 2004 2005 2006 2007 2008
1 1 1 1 0.996 1 1 1 1 13 1 1 1 1 1 1 1 1 
2 1 1 1 1 0.857 0.875 0.843 0.782 14 1 1 1 1 1 1 1 1 
3 0.65 0.707 0.636 0.71 1 0.804 0.856 0.921 15 1 1 1 1 1 1 1 1 
4 0.712 1 1 0.568 0.929 0.641 0.608 0.522 16 1 1 1 1 1 1 1 1 
5 1 1 1 1 1 1 1 1 17 1 1 1 1 1 1 1 1 
6 0.732 0.867 0.733 0.649 0.733 0.77 0.691 0.709 18 1 1 1 1 1 1 1 1 
7 0.802 0.698 0.672 1 1 0.849 1 1 19 1 1 1 1 1 1 1 1 
8 1 1 0.982 0.942 0.783 0.737 0.924 0.778 20 0.814 0.803 1 1 0.979 1 1 1 
9 1 1 1 1 1 1 1 1 21 1 1 0.965 1 1 1 0.981 0.894
10 1 1 0.773 0.814 0.886 0.947 1 1 22 0.905 0.927 0.879 0.828 0.889 1   
11 0.953 0.994 0.959 1 1 1 1 1 23 0.887 0.608       
12 0.873 0.827 0.8 0.792 0.788 0.642 0.635 0.67 24        0.663 0.293
As can be seen from Table5 - Table7, during the year 2001-2008, CtiB and BNSB are consistently efficient, both 
under the VRS and CRS model. In addition, MAYB, BBB, BAB, BCB, BTB, DBB and JPMB are found to be 
consistently efficient under VRS. On the contrary, ABB and ABMB are inefficient compared to other banks 
throughout the duration of 2001-2008. One possible reason for this is that both banks are small in scale in terms of 
operations and capital structure; hence they are consistently underperformed when compared to the larger banks. We 
also estimated the weighted geometric mean in Tables5-7, and we found that the mean efficiency of the whole 
banking industry increased continuously from 2001-2003, but showed a little decrease in 2004 (note that this is in 
slight contrast to the results in [26], and again from 2005 till 2008, an increment was observed. The slight contrast in 
the result compared to [26] could perhaps due to the sensitivities of the estimated data in the analysis stage. Note 
that [26] did not take into account all the banks, any missing data DMUs was discarded from the analysis. 
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Fig1. Malaysia banks industry efficiency performance, 2001-2008 
In contrast to [26] we consider all DMUs in our analysis. To further   support the validity of our results,  we 
provide a reasonable explanation as follows. Fig. 1 gives a visual summary of the whole banking industry 
performance from 2001-2008. Overall the performance exhibits an increasing trend except for some hiccups 
between year 2003 and 2004. Most of the banks achieved highest efficiency in 2003 while the lowest in 2004 for 
both VRS and CRS. One possible reason to explain this is in the year 2003, most banks were able to recover totally 
after the Southeast Asia financial crisis, and were looking forward to a new phase of paradigm i.e. internet 
technology.   Huge investments in input resources were required in the early stage of adoption.   The negative trend 
in year 2004, was probably due to the accumulative effect of all banks in Malaysia going full-fledge in the adoption. 
The return on investment (ROI) of the use of this technology was only observable at the later stage; hence, we can 
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see the efficiency increased again in the consecutive year. 
5.2. Productivity performance:TFP changes of the bank 
Table 8-10 showed us the tfpch, techch and effch of the Malmquist indices calculated using the DEA approach.  
Note that due to SBB and BUB had merged with others banks and TRB had just been setup in Malaysia in year  
2007, we only select 21 banks to conduct the Malmquist analysis. Note also that, by doing so, we can actually  
evade  the merging impact on bank performance, which is not the focus of our paper, yet could indeed affect our 
results if we did not take precautionary measures to isolate their effect (i.e. by eliminating them) from the initial 
stage. Value of TFP less than one implies a decrease or deterioration, while value greater than one implies 
improvements. Recall we have explained earlier that techch is matter of technical progression (frontier shift) and 
effch is the catching up effect, i.e., the business improvement due to the adoption of technology.  
Note that the high positive value of BCB (Table 8) in the period 2001-2002 was due to zero loans and negative 
profits in the year 2001. Though this bank has been in existence in Malaysia as small branches of its head office in 
China, it was only officially setup in Malaysia in 2001. Thus, there happened to be a sudden contrast in the  
reporting of its financial figures between the transition period of 2001 and 2002. Also note that, DBB has the lowest 
change for the period 2003-2004 due to negative profits in 2004 (probably due to the outflow of investment to 
engage the internet technology in banking operations). And it obtained the highest change among all other banks for 
the period 2004-2005. As evident from Table 9 and 10, the effch (=4.588) is much significantly higher than the 
techch (=1.502), this signifies that  the  ‘catching up’ effect i.e. the learning-by-doing benefits or the actual diffusion 
in the knowledge of technology use outweighed the gains from the use of the technology itself. Hence, the frontier 
effects are smaller than the ‘catching up’ effect. 
Table8. tfpch of the 21 banks.2001-2008 
No. 2001-02 02-03 03-04 04-05 05-06 06-07 07-08  No. 2001-02 02-03 03-04 04-05 05-06 06-07 07-08 
1 22.299  0.378  1.243 0.810  0.964  0.979 0.942  12 0.990  1.133 1.101 0.952  1.078  0.761  1.020  
2 1.026  1.004  0.190 6.892  0.858  1.071 1.212  13 1.174  0.924 0.872 1.108  1.115  0.872  0.963  
3 1.871  0.401  1.052 1.512  0.815  1.144 0.974  14 1.023  0.894 1.160 1.005  1.010  0.750  1.126  
4 1.092  0.930  1.145 1.838  0.641  1.152 0.967  15 1.079  1.018 0.984 0.957  1.137  0.932  0.854  
5 0.879  0.555  1.662 0.747  1.400  1.367 1.081  16 0.989  0.949 0.977 1.109  1.026  0.998  0.897  
6 1.119  1.029  1.329 1.404  0.644  1.060 1.012  17 1.076  0.908 0.950 1.007  1.088  1.092  0.777  
7 1.009  1.442  0.996 0.917  1.001  1.081 1.083  18 0.954  1.015 1.004 1.045  0.883  0.995  0.944  
8 1.174  1.086  0.930 1.000  1.075  1.080 0.967  19 1.060  1.159 0.953 0.748  1.147  0.741  0.926  
9 0.947  1.011  0.963 1.343  0.763  1.219 0.915  20 1.037  0.969 0.540 1.685  0.626  0.999  0.869  
10 1.061  1.081  1.016 1.069  0.956  0.887 1.009  21 0.409  0.857 1.250 0.948  1.359  1.166  0.733  
11 1.034  0.983  1.022 0.773  1.168  1.238 0.834  Mean 1.181  0.900 0.955 1.162  0.965  1.015  0.951  
Table9. techch of the 21 banks.2001-2008 
No 2001-02 02-03 03-04 04-05 05-06 06-07 07-08  No 2001-02 02-03 03-04 04-05 05-06 06-07 07-08
1 1.001  1.189  1.130 1.092  1.052  0.678 1.174  12 1.061  1.023 1.116 1.085  0.979  0.861  0.863 
2 0.862  0.809  0.872 1.502  0.858  1.071 1.212  13 1.081  0.933 1.245 0.895  0.996  0.927  0.892 
3 1.164  0.901  1.083 1.113  0.950  0.947 0.997  14 1.023  0.894 1.160 1.005  1.010  0.750  1.126 
4 1.158  0.920  1.199 1.086  0.946  0.931 0.880  15 1.142  0.900 1.085 1.135  0.919  0.956  0.817 
5 1.078  0.940  1.077 1.094  0.940  0.885 1.083  16 1.578  0.378 1.243 0.876  0.910  0.959  0.942 
6 0.973  0.747  1.123 1.206  0.947  1.174 0.893  17 1.047  0.919 1.103 1.051  0.947  0.937  0.878 
7 1.075  0.912  1.310 0.910  0.996  0.946 0.895  18 0.702  0.500 1.250 0.948  1.359  1.166  0.828 
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8 1.034  0.983  1.022 0.802  1.126  1.238 0.834  19 1.060  1.159 0.953 0.748  1.147  0.741  0.926 
9 1.043  0.950  1.242 0.967  0.996  0.929 0.877  20 1.127  0.562 1.101 1.073  0.959  0.953  0.884 
10 1.019  0.930  1.273 0.944  0.996  0.934 0.896  21 1.031  0.561 1.111 1.076  0.939  0.944  0.974 
11 1.023  0.934  1.318 0.874  0.996  0.949 0.897  Mean 1.051  0.830 1.138 1.012  0.994  0.937  0.935 
Another interesting finding from Table 10 is that, the value of effch  for RHB and ABMB never changed during 
the period 2001-2008. This suggests that there were no productivity growth changes in these banks during the digital 
age. One possible reason for this is the effect of the internet technology in these banks was not as great as of those in 
other banks. In other words, it can be said that these two banks exhibit a ‘follower’ trend in the adoption of 
technology, they are able to maintain their performance, though there is no improvement, yet there is neither a 
downgrade of performance. 
Table10. effch of the 21 banks.2001-2008 
No 2001-02 02-03 03-04 04-05 05-06 06-07 07-08  No 2001-02 02-03 03-04 04-05 05-06 06-07 07-08
1 14.130  1.000  1.000 0.925  1.059  1.021 1.000  12 1.086  0.990 0.700 1.238  1.120  0.940  1.079 
2 1.190  1.241  0.218 4.588  1.000  1.000 1.000  13 1.000  1.056 0.910 0.986  0.977  1.030  1.170 
3 1.815  0.715  0.946 1.405  0.868  1.212 1.000  14 0.966  1.016 0.741 1.269  1.030  1.052  1.000 
4 0.943  1.011  0.955 1.692  0.678  1.237 1.099  15 1.035  1.072 0.792 0.989  1.141  1.004  0.974 
5 0.904  0.743  1.479 0.620  1.478  1.164 1.211  16 1.000  1.000 1.000 0.964  1.037  1.000  1.000 
6 0.936  1.535  0.925 0.838  1.065  1.221 1.000  17 1.000  1.000 1.000 1.000  1.000  1.000  1.000 
7 1.028  1.207  0.857 0.881  1.170  1.131 1.184  18 1.000  1.000 1.000 1.000  1.000  1.000  1.000 
8 0.961  1.143  1.228 1.261  0.678  1.119 1.015  19 1.056  0.976 0.746 1.066  1.092  1.169  0.866 
9 0.921  1.724  0.491 1.570  0.653  1.048 0.983  20 0.887  1.113 0.766 1.148  0.886  1.053  1.055 
10 0.905  1.100  0.874 1.278  0.806  1.301 1.043  21 0.989  0.953 0.975 0.872  1.024  1.122  0.869 
11 0.584  1.714  1.000 1.000  1.000  1.000 0.885  Mean 1.125  1.084 0.839 1.149  0.971  1.083  1.017 
Table11. pech of the 21 banks.2001-2008 
No2001-02 02-03 03-04 04-05 05-06 06-07 07-08  No 2001-0202-03 03-04 04-05 05-06 06-07 07-08
1 1.087  0.900  1.116 1.409  0.804  1.064 1.076  12 1.000 1.000 1.000 1.000  1.000  1.000  1.000 
2 0.871  0.962  1.488 1.000  0.851  1.175 1.000  13 1.000 1.000 1.000 1.000  1.000  1.000  1.000 
3 0.987  1.245  1.000 0.979  1.021  1.000 1.000  14 1.000 1.000 1.000 1.000  1.000  1.000  1.000 
4 1.404  1.000  0.568 1.634  0.702  0.932 0.860  15 1.000 1.000 1.000 1.000  1.000  1.000  1.000 
5 1.043  0.965  1.042 1.000  1.000  1.000 1.000  16 1.000 1.000 1.000 1.000  1.000  1.000  1.000 
6 1.000  0.773  1.053 1.089  1.113  1.014 1.000  17 1.000 1.000 1.000 1.000  1.000  1.000  1.000 
7 1.184  0.845  0.886 1.128  1.050  0.898 1.027  18 1.000 0.965 1.037 1.000  1.000  0.981  0.911 
8 1.000  1.000  0.996 1.004  1.000  1.000 1.000  19 1.000 0.982 0.959 0.831  0.943  1.252  0.842 
9 1.000  1.000  1.000 1.000  1.000  1.000 1.000  20 1.000 1.000 1.000 0.857  1.021  0.963  0.928 
10 1.000  1.000  1.000 1.000  1.000  1.000 1.000  21 0.948 0.967 0.990 0.995  0.814  0.990  1.054 
11 1.000  1.000  1.000 1.000  1.000  1.000 1.000  Mean1.021 0.978 0.995 1.033  0.963  1.010  0.984 
Table12. sech of the 21 banks.2001-2008 
No 2001-02 02-03 03-04 04-05 05-06 06-07 07-08  No 2001-0202-03 03-04 04-05 05-06 06-07 07-08 
1 14.130  1.000  1.000 0.925  1.059  1.021 1.000  12 0.936 1.151 0.774 1.154 1.089  1.064  1.000 
2 1.190  1.241  0.218 4.588  1.000  1.000 1.000  13 1.104 1.187 0.825 1.261 0.796  0.952  1.015 
3 1.815  0.715  0.946 1.405  0.868  1.212 1.000  14 0.917 1.171 0.790 1.097 1.066  1.047  1.051 
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4 0.904  0.743  1.479 0.620  1.478  1.164 1.211  15 0.958 1.094 0.874 0.986 0.977  1.030  1.170 
5 1.028  1.561  0.814 0.809  1.051  1.115 1.184  16 0.966 1.016 0.744 1.265 1.030  1.052  1.000 
6 0.656  1.724  0.864 0.961  0.930  1.125 1.143  17 0.867 1.123 0.855 1.201 0.843  1.162  1.021 
7 0.905  1.100  0.874 1.278  0.806  1.301 1.043  18 1.000 1.000 1.000 0.964 1.037  1.000  1.000 
8 1.035  1.072  0.792 1.155  1.118  1.042 1.050  19 1.000 1.000 1.000 1.000 1.000  1.000  1.000 
9 1.056  0.994  0.778 1.284  1.158  0.934 1.029  20 1.000 1.000 1.000 1.000 1.000  1.000  1.000 
10 0.949  1.233  0.925 0.855  1.043  1.221 1.000  21 0.989 0.987 0.940 0.872 1.024  1.144  0.954 
11 0.584  1.714  1.000 1.000  1.000  1.000 0.885  Mean1.102 1.108 0.844 1.112 1.009  1.072  1.033 
To further analyze the banks’ performance in association to size of operations of the bank, effch is decomposed 
into two subcomponents i.e., pech and sech as shown in Table11 and 12.Our results are similar to [26] which 
showed that the pech is a less important source of growth to effch as compared to the sech for each bank we studied. 
Most banks took measures to enlarge the scale of their operations (e.g. gaining more market shares  through the 
offerings of more varieties of services or products e.g., mutual funds, transfer credits, online investments and etc) to 
expand their customer base through the internet channel.  Merely adopting the internet technology to run the existing 
business model will not sustain the performance of the banks in the long run. Thus, here we can see that the effect of 
sech (scale efficiency change) is greater than the pech ( pure efficiency due to technical change).  The results also 
implies that overall the foreign banks are more efficient in both technical change and scale change, which has a huge 
relationship with the quality of the internet application in their operations e.g., higher speed of  information 
collection through their e-banking system. 
Table13. Summary of the 21 banks’ productivity performance, 2001-2008 
No. DMU effch   techch Pech sech tfpch No. DMU effch  techch Pech sech tfpch 
1 BCB 1.460  0.914  1.000  1.460 1.335 12 ABB 1.008 0.989 0.995 1.013  0.997  
2 UOB 1.054  1.010  1.030  1.024 1.065 13 BTB 1.000 0.995 1.000 1.000  0.995  
3 EBB 1.051  1.011  1.051  1.000 1.062 14 CIMB 0.996 0.995 0.965 1.031  0.991  
4 DBB 1.057  1.002  1.000  1.057 1.060 15 AMB 1.000 0.990 1.000 1.000  0.990  
5 PBB 1.039  1.018  1.032  1.007 1.058 16 BNSB 1.000 0.986 1.000 1.000  0.986  
6 HSBC 1.056  0.986  1.000  1.056 1.042 17 RHB 0.986 0.993 0.965 1.022  0.979  
7 BAB 1.036  0.997  1.000  1.036 1.033 18 ABMB 0.978 0.998 0.963 1.016  0.976  
8 BBB 1.089  0.929  1.000  1.089 1.012 19 CitB 1.000 0.948 1.000 1.000  0.948  
9 OCBC 1.016  0.994  1.007  1.009 1.009 20 HLBB 0.972 0.931 0.957 1.016  0.905  
10 MAYB 1.028  0.980  1.000  1.028 1.008 21 JPMB 0.983 0.917 1.000 0.983  0.901  
11 SCBB 0.969  1.030  0.984  0.984 0.998  Mean 1.033 0.981 0.997 1.036  1.014  
Table 13 summarizes the performance of the 21 banks in Malaysia during the period 2001-2008. BCB recorded 
the highest growth in TFP (33.5%), which is due to effch (46%), Note that techch was (-8.6%). JPMB records the 
lowest growth in TFP with -9.9%, due to effch ( -1.7%) and techch ( -8.3%). On average, 10 banks (i.e., BCB, UOB, 
EBB, DBB, PBB, HSBC, BAB, BBB, OCBC and MAYB) had positive growth (TFP > 1) while 11 banks (i.e., 
SCBB, ABB, BTB, CIMB, AMB, BNSB, RHB, ABMB, CitB, HLBB, and JPMB) recorded negative growth (TFP < 
1). From the positive growth ones, only 3 are locally owned banks i.e., EBB, PBB and MAYB. 
5.3. The performance of the whole banking system 
From Table 14, the whole banking system in Malaysia during the period 2001-2008 has a positive growth of 
1.4% (mean tfpch = 1.014), which mainly due to the ‘catching-up effect’ of 3.3% (i.e. mean effch = 1.033);  note 
that the frontier effect has regressed by 1.9% (i.e. mean techch = 0.981). The ‘catching up’ effect was mainly 
contributed by diffusion of knowledge in the organization which leads to the expansion of the business operations 
through the e-banking system. 
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Table14.Summary of Malmquist Productivity Index of the whole banking system in Malaysia.2001-2008 
Period year tfpch techch effch   pech sech 
2001-2002 1.181  1.051  1.125  1.021  1.102  
2002-2003 0.900  0.830  1.084  0.978  1.108  
2003-2004 0.955  1.138  0.839  0.995  0.844  
2004-2005 1.162  1.012  1.149  1.033  1.112  
2005-2006 0.965  0.994  0.971  0.963  1.009  
2006-2007 1.015  0.937  1.083  1.010  1.072  
2007-2008 0.951  0.935  1.017  0.984  1.033  
Mean 1.014  0.981  1.033  0.997  1.036  
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Fig  2. TFP,techch and effch of the Malaysian banks,2001-2008                  Fig 3. Changes in mean efficiency of Malaysian banks,2001-2008 
Fig.2 displays the trend of the mean values of effch, pech and sech during the period 2001-2008 for the whole 
banking system in Malaysia. The trend supported the importance of the ‘catching-up’ effect in contributing towards 
the total factor productivity growth. In most of the years, the effch value supersedes the techch, except for period 
2003-2004 where the reverse trend was observed. This could probably due to the full-fledged adoption of internet 
technology in all banks in Malaysia which caused a sudden outward shift (or jump) in the frontier. Conversely, the 
trend reinvented itself by showing the same signals after a few years lapse (see the crossover between years 2004-
2006), after which, the catching up effect again dominated the frontier effect.  However, note that the gap in the 
recent years is diminishing, which probably indicates towards the direction of another wave of innovation (e.g., 
mobile banking) to sustain the productivity growth or performance of banking institutions in Malaysia. Fig.3 
showed the trend following the decomposition of the effch  into its components -  pech and sech.  The trend matches 
the observations in prior section i.e., the scale efficiency contributes significant to the efficiency change compared to 
pure technical efficiency.  
6. Conclusion and Suggestions 
This study displays the performance of the banking industry in Malaysia during the period 2001-2008 that is the 
era of internet. From the results, it was found that, the total factor productivity (TFP) growth of the banks is very 
much affected by the waves of internet technology. By decomposing the TFP into the relevant types of efficiency, 
we can further decipher which factor actually contributes to the performance of the banks.  The scale efficiency 
change which predominates the pure efficiency change greatly impact the technical efficiency change in the 
performance of the banks.  The findings from this research provides a very powerful insights to managers of banks 
that is, in the influence of a new paradigm (e.g., the internet), the TFP will initially be affected by the shift in the 
frontier (i.e., moving towards a new technology), but, later on, the catching up effect will supersede and dominates 
the frontier effect, and finally, the cycle will again reinvent itself pointing towards the needs of another greater 
waves of innovation.  Therefore, in order to sustain the performance of the banks in the long run, managers should 
not just stop there after they have engaged the new technology, but instead should further innovate by utilizing that 
technology to expand and enlarge their scale of operations to further bring up the frontier to the next higher level.  
Managers need to understand this concept so that they could take appropriate strategies to sustain the performance 
of the banks in the long run.  These findings also pose a valuable lesson to other developing countries, where 
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manager can anticipate the impending changes in performance after engaging a new engineering management 
technology. For future research, the researchers wish to embark on comparing the performance of banks across 
different regions based on this concept.   
7. Copyright 
All authors must sign the Transfer of Copyright agreement before the article can be published. This transfer 
agreement enables Elsevier to protect the copyrighted material for the authors, but does not relinquish the authors' 
proprietary rights. The copyright transfer covers the exclusive rights to reproduce and distribute the article, 
including reprints, photographic reproductions, microfilm or any other reproductions of similar nature and 
translations. Authors are responsible for obtaining from the copyright holder permission to reproduce any figures for 
which copyright exists. 
References. 
1.Oral, M., O. Kettani, et al.. "An Empirical-Study on Analyzing the Productivity of Bank Branches." Iie Transactions 24(1992) 166-176. 
2.Berg, S. A., F. R. Forsund, et al. "Malmquist Indexes of Productivity Growth during the Deregulation of Norwegian Banking, 1980-89." 
Scandinavian Journal of Economics 94(1992)  S211-S228. 
3.Charnes, A., W. W. Cooper, et al.. "Measuring the efficiency of decision making units." European Journal of Operational Research 2 (1978) 
429-444. 
4.Bates, J. M.. "The Efficiency of Local Education Authorities." Oxford Review of Education 19(1993) 277-289. 
5.Chalos, P. and J. Cherian. "An Application of Data Envelopment Analysis to Public-Sector Performance-Measurement and Accountability."
Journal of Accounting and Public Policy 14(1995) 143-160. 
6.Ruggiero, J.. "Efficiency of educational production: An analysis of New York school districts." Review of Economics and Statistics 78(1996) 
499-509. 
7.Huang, Y. H., M. K. Hsu, et al.. "A Dynamic Data Envelopment Analysis to Efficiency Benchmarking of the Chinese Hotel Industry." 
Icpom2008: Proceedings of 2008 International Conference of Production and Operation Management, 3(2008)1402-1406,1761. 
8.Ariff, M., E. Cabanda, et al.. "Privatization and performance: evidence from telecommunications sector." Journal of the Operational Research 
Society 60(2009) 1315-1321. 
9.Banker, R. D., Z. W. Cao, et al.. "Technological progress and productivity growth in the US mobile telecommunications industry." Annals of 
Operations Research 173(2010) 77-87. 
10.Goto, M.. "Financial performance analysis of US and world telecommunications companies: Importance of Information Technology in the 
telecommunications industry after the AT&T breakup and the NTT divestiture." Decision Support Systems 48(2010) 447-456. 
11.Gimenez, V., D. Prior, et al.. "Technical efficiency, managerial efficiency and objective-setting in the educational system: an international 
comparison." Journal of the Operational Research Society 58(2007) 996-1007. 
12.Ouellette, P. and V. Vierstraete. "Malmquist indexes with quasi-fixed inputs: an application to school districts in Qu,bec." Annals of 
Operations Research 173 (2010) 57-76. 
13.Chen, J. K. and I. S. Chen. "Inno-Qual efficiency of higher education: Empirical testing using data envelopment analysis." Expert Systems 
with Applications 38(2011) 1823-1834. 
14.Avkiran, N. K.. "The evidence on efficiency gains: The role of mergers and the benefits to the public." Journal of Banking & Finance 
23(1999)991-1013. 
15.Casu, B. and P. Molyneux. "A comparative study of efficiency in European banking." Applied Economics 35(2003) 1865-1876. 
16.Sathye, M.. "Efficiency of banks in a developing economy: The case of India." European Journal of Operational Research 148 662-671. 
17.Chortareas, G. E., C. Girardone, et al. (2011). "Financial Frictions, Bank Efficiency and Risk: Evidence from the Eurozone." Journal of 
Business Finance & Accounting 38 (2003) 259-287. 
18.Coelli, T. J.. "Measurement of total factor productivity growth and biases in technological change in Western Australian agriculture." Journal 
of Applied Econometrics 11(1996) 7-91. 
19.Cooper, W. W., D. K. S. Park, et al.. "Marginal rates and elasticities of substitution with additive models in DEA." Journal of Productivity 
Analysis 13(2000) 105-123. 
20.Banker, R. D., H. H. Chang, et al.. "Simulation studies of efficiency, returns to scale and misspecification with nonlinear functions in DEA." 
Annals of Operations Research 66(1996) 233-253. 
21.Fare, R. and S. Grosskopf. "Estimation of Returns to Scale Using Data Envelopment Analysis - a Comment." European Journal of Operational 
Research 79(1994) 379-382. 
22.Efendic, V. and A. Avdic. "An Analysis on the Efficiency of Banks in Bosnia and Herzegovina Using DEA Method." Technics Technologies
Education Management-Ttem 6 (2011) 147-158. 
23. Ndubisi, N.O., Sinti, Q.. “Consumer  attitudes, system’s characteristics and internet banking adoption in Malaysia”, Management Research 
News, 29(2006) 16-27 
24.Ali, A.I.  and  L.M.  Seiford, Translation  invariance  in  data envelopment analysis, Operations Research Letters 9(1990)403-405.  
25.Pastor, J. T. "Translation invariance in data envelopment analysis: A generalization." Annals of Operations Research 66 (1996) 93-102. 
26.Mohd.Azmi omar et al."Efficiency of commercial banks in Malaysia."Asian Academy of  Management Journal of Accounting  and 
Finance.2(2006) 19-42 
